Three classes of soliton systems associated with scalar Lax operators are considered. They represent, in turn, the 2 + 1 dimensional hierarchies of the KP equation, the modi ed KP equation and the Dym equation. They are related via gauge transformations and reciprocal links. For each class an algebraic construction of the symmetry transformation generated by products of (adjoint) eigenfunctions is given. The links between the soliton hierarchies are extended to these symmetries.
Proofs of all lemmata and theorems are given in the appendix.
Notation and background
Consider the algebra g of pseudo-di erential symbols and its decompositions The Lax equations for n 3 represent equations in t n , x and y for the elds u, v and w. In particular, the equations associated with n = 3 are k = 0 : 4u t 3 x = (u xxx + 12uu x ) x + 3u yy (KP) 
x ; (L 3 Dym ) 2 = w 3 @ 3 x + 3w 2 (w x + w 0 ) @ 2 x : Eigenfunctions are de ned as solutions of the evolution equations tn = (L n ) k ], which for n = 2; 3 yield k = 0 : y = xx + 2u ; t 3 = xxx + 3u x + 3(u x + u 2 ) k = 1 : y = xx + 2v x ; t 3 = xxx + 3v xx + 3(v x + v 2 + v 1 ) x k = 2 : y = w 2 xx ; t 3 = w 3 xxx + 3w 2 (w x + w 0 ) xx : (3. 3)
The three hierarchies are linked through Darboux type transformations generated by functions satisfying the eigenfunction dynamics:
the transformation x =~ (x; t n ) and t n = t n of the independent variables, the operator L =L satis es L tn = ( L n ) 2 ; L], where the projection (:) 2 refers to powers of @ x = @=@ x. In this section we formulate these symmetries algebraically for the three hierarchies k = 0; 1; 2 considered in the previous section.
For the cases k = 1 and 2 it turns out that integrated versions of the usual adjoint linear problems are more appropriate. One observes that the oper-
are again di erential operators. The \adjoint" linear evolution equations to be considered are, in fact, associated with these operators rather than with the usual adjoints (L n ) k .
With L = L KP ; L = L mKP or L = L Dym , respectively, we shall de ne eigenfunctions and \adjoint eigenfunctions" as solutions of the linear prob-
We remark that for k = 1 and 2, respectively, the elds x and xx , respectively, satisfy the usual adjoint problems given by (L n ) k , whence de ned by (4.1) should be regarded as integrated version of a proper adjoint eigenfunction. However, for simplicity, we will refer to solutions of (4.1) as (adjoint) eigenfunctions in the following. 
are the compatibility conditions of the linear equations tn = (L n It satis es the compatible equations
where, in turn, (k) denotes ; x or xx for k = 0; 1 or 2.
We note the operator identity
We now consider the commutativity of two squared eigenfunction symmetries generated by di erent pairs of (adjoint) On the other hand, from 
